Regular physical activity is associated with a number of important health benefits in children and adolescents. These benefits include decreased adiposity, lower blood lipids, greater bone mineral density, and improved psychological health. [1] [2] [3] Moreover, because several of the favorable health outcomes of physical activity track from childhood into adulthood, adequate participation in physical activity during childhood and adolescence may play a significant role in the prevention of chronic diseases later in life. 4, 5 On the weight of this evidence, an expert scientific panel recently issued a recommendation calling for school-aged children to participate in at least 60 minutes of moderate-to-vigorous intensity physical activity every day. 6 Despite the benefits of physical activity, a substantial proportion of U.S. children and adolescents do not meet recommended levels of participation in physical activity. Currently, only 36% of high school students report participating in 60 minutes of moderate-to-vigorous physical activity (MVPA) on 5 or more days of the week. 7 Among children aged 9 to 13 years, nearly 62% report no participation in organized physical activity outside of school, with approximately 23% reporting no participation in physical activity during their free time. 8 Clearly, there is an urgent need for widespread efforts to promote regular physical activity in youth.
To date, most research on policies and programs to promote physical activity among youth has been conducted in school-based settings. 9 However, because children and adolescents spend considerable amounts of time outside of school, there is a need to consider other community settings for physical activity interventions. 10 One such community setting that has not been studied extensively is the church. Some of the advantages of churches include large memberships, access to families, a presence in virtually every community, and connections to minority and low-income communities. 11 These characteristics provide a natural and convenient place for youth to meet and participate in physical activity programs as well as develop important behavioral skills related to regular participation in physical activity. To date, however, few studies have evaluated physical activity church-based interventions, and we are aware of no other physical activity intervention studies that have specifically targeted young children in this setting. Therefore, the purpose of this study was to evaluate the feasibility and efficacy of a church-based intervention to promote physical activity in elementary school-aged children.
Methods

Participants and Settings
The study was conducted in 4 churches located in 2 large metropolitan areas and 2 regional towns in Kansas. The study included both large (adult membership 128 to 300) and small congregations (adult membership 35 to 62). The average weekly financial contribution per adult member ranged from $21 to $43 and the percentage of racial/ethnic minority members ranged from 6% to 52%. All children attending elementary level Sunday school in the 4 churches and their parents/caregivers were invited to participate in the study. Each family was provided with a letter of introduction describing the study's goal and procedures, an informed consent packet, and a brief questionnaire to be completed by parents. Parents and children were asked to sign and complete the written informed consent/assent documents and return completed surveys to a designated drop box located at each church. The study was approved by lead ministers, children's ministry coordinators, and the University Institutional Review Board.
Study Design
A prepost control group design was used in which 2 churches were randomized to the intervention condition and 2 churches were randomized to the control condition. To complete this process, the churches were pairmatched on size (large vs. small) and randomized to the intervention or control condition using the "select cases" and "random sample" options in SPSS. Churches in the intervention condition implemented the "Shining Like Stars" physical activity curriculum module during their regularly scheduled Sunday school classes. In addition to the curriculum, the intervention churches completed a series of weekly family devotional activities. The churches in the control condition delivered the same content without integrating physical activity into the lessons. The effects of the curriculum module on physical activity behavior was evaluated using pedometer-based assessments of activity behavior during each lesson. Pre to post changes in child physical activity outside of Sunday school, sedentary behavior, and parental support for physical activity were also assessed.
Intervention
The goals of the intervention were to: 1) increase participation in moderate-to-vigorous physical activity (MVPA) during Sunday school; 2) increase parental support for physical activity; 3) increase children's participation in MVPA outside of Sunday school. To achieve these goals the "Shining Like Stars" faith-based physical activity module was created. This 4-lesson curriculum incorporated opportunities for enjoyable and developmentally appropriate physical activity into the regular Sunday school curriculum. Each lesson focused on a religious theme and provided learning experiences that incorporated opportunities to perform moderate-tovigorous intensity physical activity. The themes and learning activities are described in Table 1 . Control churches delivered the same content without integrating physical activity into the learning activities.
To increase parental support for physical activity and increase children's overall participation in MVPA, the curriculum included 3 family devotional activities that were to be completed on a weekly basis. The overarching goal of these activities was to bring families together to perform physical activity and to reinforce the influential role parents have on their child's physical activity. The family devotionals reinforced the religious themes and learning activities from the "Shining Like Stars" curriculum. Some of the activities included going to a local park to find nature items, playing and trying out the equipment in a local park, and completing household chores together.
The curriculum was implemented by volunteer Sunday school teachers and children's ministry coordinators at each church. Before implementation, participating teachers and coordinators received knowledge and skill-based training related to the implementation of the curriculum. One of the investigators (RT) led the 2 training sessions, each lasting approximately 1 hour, at each church site. At the training, teachers were provided with a detailed curriculum manual and all curriculum materials were provided at no cost to the churches. The equipment included items such as a portable CD player, music CD's, sticker board and laminated pictures. The intervention was implemented over a 4-week period beginning in January 2005 and ending in February 2005.
Process Evaluation Methods
Teacher Checklist. Each week teachers completed a checklist to document implementation of the learning activities. The checklist assessed 1) if the materials were set up before class, 2) if the curriculum guide was followed and addressed the topic for the week, 3) the teachers perception of the children's level of enjoyment, and 4) if the handout describing the family devotional for that week was distributed to the children. Teachers were contacted weekly via phone to review the teacher checklist and discuss any concerns or problems from that week.
Teacher Interviews. At the completion of the intervention period, teachers and group leaders (n = 10) completed an in-depth interview over the phone and/or face-to-face to identify strengths, weaknesses, barriers and future ideas for the program. Teachers were also asked to rate, on a Likert scale, their satisfaction with the training provided, their confidence to implement the curriculum, and their perceptions of whether the program was beneficial to the children, families, and the churches.
Instrumentation
In-class Physical Activity. Children's activity level during Sunday school class was measured using DigiWalker SW-200 electronic pedometers. Upon arrival to Sunday school, participants were outfitted with a pedometer. Pedometers were worn on the right hip (iliac crest) and secured directly to clothing or attached to an adjustable belt. After the pedometer was secured on the participant, teachers reset the pedometer to zero and sealed it shut using a sticker. At the end of the Sunday school lesson, teachers retrieved the pedometer from each participant and recorded the number of steps taken during the lesson. Pedometer data sheets were collected and verified by research staff each week. Pedometers have shown to be a valid instrument for assessing the physical activity of youth. 12 Physical Activity and Sedentary Behavior. To evaluate children's overall participation in physical activity, parents were asked to complete the 2-item physical activity measure developed by Prochaska and colleagues. 13 In addition, children's use of electronic media (television, videogames, computers) or "screen time" was assessed using a modification of the television watching measure used in the NHANES III survey. 14 Parents were asked: "On a typical day, how many hours does your child watch television or videotapes?" and " On a typical day, how many hours does your child play videogames, use the internet, or a computer?" Responses to these items were averaged to provide a index of "screen time"
Parental Support for Physical Activity. Parental support for physical activity was measured using the scale developed by Sallis and colleagues. 15 This scale Table 1 Lesson 2-I belong to God! Flashcards naming different "muscle groups" are loosely fixed to a wall, whiteboard or bulletin board. With music playing children walk/run/skip/gallop from station-to-station. When music stops children move to a clue card station. Teacher selects a station and asks child to name the muscle group indicated by the clue card. When the muscle group is identified child runs to the board and places the flashcard on an age-appropriate picture of Adam and Eve. All children move or stretch the selected muscle group for 1 minute.
Lesson 3-Famous characters in the bible (David and Goliath)
A series of physical activity stations (eg, jumping jacks, hopping, half-squats) are set-up around a room. A supply of bean bags, Nerf balls, or whiffle balls (symbolic of rocks) are placed in basket next to each station. With music playing each child rotates through the activity circuit, spending 1-minute at each station. After each station children are awarded a "rock" which is placed in a "rock bag." After completing all activity stations, children throw their "rocks" at a Goliath target. Teachers experiment with different throwing distances.
Lesson 4-Jesus performed powerful miracles!
Pictures of fish and loaves of bread are loosely fixed to a wall/whiteboard, or bulletin board. An obstacle course is set-up in the room. With music playing children complete the obstacle course as directed. After each circuit, children take a fish and loaf from the wall and place them in a basket representing hungry people. Can be done as a relay.
Family devotional activities
Activity 1-God in nature Family goes to a park or outdoor area and discusses Bible text (Genesis 1). Families walk around the park identifying 10 natural objects from a list. Children are instructed to collect a number of items in a Ziploc bag for discussion in next Sunday's class.
Activity 2-The body of Christ
Families go to a local park or school playground and discuss Bible text (Genesis 2). Family talks about the amazing human body that God created. Families walk around the playground and exercise different muscle groups. Children play on the equipment and note the muscle groups they were using. Families complete the activity sheet for discussion in next Sunday's class.
Activity 3-The courage to follow God
While at home, families discuss Bible text (1 Samuel 17) and the courage it takes to follow God. From a list, children select a number of household chores to perform for their parents (i.e. vacuuming, sweeping, cleaning room, raking leaves, walking the dog). Parents and children complete the activity sheet for discussion in next Sunday's class.
consisted of ten items assessing the weekly frequency with which mothers and fathers "encouraged their child to do physical activities or play sports"; "engaged in physical activity or sports with child"; "provided transportation for child so they can do physical activity or play sports"; "watched their child participate in sports or physical activity"; and "told their child that physical activity is good for their health." Responses to each item were recorded on a 6-point scale with endpoints ranging from none to daily. This scale has previously been shown to be a reliable assessment of parental support for physical activity. 16 In this study, Cronbach's alpha for the mother and father support scales was 0.75 and 0.82, respectively. 
Data Reduction and Statistical Analysis
Differences between the intervention and control groups on the dependent variables were analyzed using mixedmodel condition by time ANOVA. All analysis was conducted using SAS PROC MIXED, which accounted for the participant nonindependence or clustering within churches. Each model included a fixed effect for condition (intervention vs. control) time, treatment by time interaction, and random effect terms for church nested within treatment condition, and individual nested within church. Where appropriate, treatment differences across time were evaluated using single degree freedom tests of simple effects. Significance was set at an alpha level of 0.05.
Results
Sample Description
All 105 child-parent dyads in the participating churches consented to participate in the study. Of this 105, 65 attended intervention churches and 40 attended control churches. A flow diagram specifying the number of participants completing each stage of study is shown in Figure 1 . All 105 participants were exposed to the "Shining Like Stars" or nonactivity interventions, and all 105 children completed 1 or more of the classroom physical activity assessments. For the evaluation of the family devotional intervention, 59 (90.8%) parent-child dyads completed pre and post parent surveys. In the control churches, 36 (90%) parent-child dyads completed pre and post parent surveys. Descriptive data for the intervention and control participants are summarized in Table 2 . The groups were comparable with respect to gender distribution, age of the child participants, level of maternal education, and socioeconomic status as measured by eligibility to receive free/reduced price lunch. There were, however, differences in ethnicity, with the intervention churches having a higher percentage of racial minorities relative to the control churches.
Teacher Checklist. Analysis of the checklist indicated that over 88% of teachers implemented all 4 lessons as planned. The checklist results were 1) 100% of the teachers set up the curriculum before class started, 2) 80% of the teachers instructed about the religious theme for the week, 3) 73% of the teachers instructed about the benefits of physical activity, 4) 73% of the teachers instructed about how fun it was to act out the Bible, 5) 100% of the children attending Sunday school on that day participated in the activity, and 6) 100% of the children received the family devotional. In the weekly calls the teachers identified room size, large numbers of children, and time as barriers to implementation. Based on the postsurvey, 39% of families in the intervention completed at least one of the devotional activities.
Summary of Teacher Interviews. When asked how satisfied they were with the training they received, 90% of the teachers reported they were satisfied or very satisfied. When asked how confident they were to carry out the curriculum, 70% of the teachers reported that they were confident or very confident. There were several barriers in completing the program as indicated by the teacher interviews. For one church, the classrooms were too small for some of the activities that were in the curriculum. Therefore, they had to modify the lesson plans. Due to the large number of children in one church, the lesson took longer than the planned 15 to 20 minutes. The teachers reported that the children had fun and enjoyed interacting with one another during the learning activities. The teachers also felt the lessons helped them to be more creative and more engaged with the children. They felt that the curriculum emphasized the importance of being active as a family unit. They felt that the devotionals would help the parents and children connect more and get everybody doing some physical activity. For areas of improvement, the teachers felt that there needed to be a better way of combining the spiritual and physical aspects together. In addition, there needed to be more age appropriate activities for the older children. Some teachers felt that the activities were not challenging enough for the older children.
In-Class Physical Activity
The duration of the Sunday school classes varied from 69.5 minutes to 110 minutes in the intervention churches and 75.2 minutes to 103.8 minutes in the control churches. Because the length of the classes varied, pedometer steps were expressed as average steps per minute. Mean steps per minute for the intervention and control churches over the 4-lesson study period are shown in Figure 2 . Mean steps per minute in the intervention churches were significantly higher than the control churches across all 4-weeks of the study. 
Parent-Reported Outcomes
The effects of the intervention on the parent-reported outcomes are summarized in Table 3 .
Outside Physical Activity. There was no significant difference for physical activity outside of Sunday classes. 
Treatment x Time Interaction
Physical Activity Parental Support for Physical Activity. For intervention and control churches, father's support for physical activity did not change significantly over the 4-lesson study period. There was, however, a significant treatment by time interaction for mother's support for physical activity (F 1,75 = 4.72, P = .033). Over the 4-lesson study period, maternal support for physical activity declined from 3.4 (95% C.I., 3.1, 3.6) to 3.2 (95% C.I., 3.0, 3.5) in the intervention churches, and increased from 3.3 (95% C.I., 3.0, 3.6) to 3.5 (95% C.I., 3.2, 3.8) in the control churches.
Discussion
No previous study has studied the feasibility and potential efficacy of an intervention integrating physical activity into an existing Sunday school curriculum. Moreover, no previous study has evaluated the utility of promoting parental support for physical activity through movement-based family devotionals activities. The current study evaluated the feasibility and potential efficacy of a 4-week church-based intervention to promote physical activity and the mediators of physical activity in elementary school-aged children. We hypothesized that, compared with children in the comparison churches, children exposed to the 4-week physical activity intervention would a) exhibit significantly higher levels of physical activity during regularly scheduled Sunday school classes, b) demonstrate significantly higher levels of physical activity and lower levels of sedentary behavior (eg, TV watching) outside of Sunday school, and c) receive significantly higher levels of parental support for physical activity.
In support of the first hypothesis, children attending the intervention churches exhibited significantly higher levels of physical activity during Sunday school. Across the 4 classes, children in the intervention classes exhibited an average of 20 steps per minute, whereas children in control classes exhibited an average of just 7 steps per minute. In partial support of our second hypothesis, children in the intervention churches demonstrated a significant reduction in media-based sedentary activity relative to controls. However, no differences in the amount of MVPA performed outside of Sunday school were observed. Finally, contrary to our third hypothesis, the intervention program did not have a positive effect on the level of support provided by mothers and fathers for their children's physical activity.
The results of the process evaluation showed that physical activity programs can be successfully implemented by volunteer teachers and staff in faith-based settings. Ninety percent of the volunteer teachers reported being either satisfied or very satisfied with the training they received, and over 88% of the activitybased learning experience were implemented as planned. Importantly, at the completion of the study, 70% of the teachers felt confident or very confident that they could implement physical activity related learning experiences during Sunday school. The process evaluation data also identified several barriers to implementation. These included space limitations, the need for more age-appropriate learning experiences for older children (eg, grades 4 to 5), and difficulty of fully integrating religious themes into activity-based learning experiences.
Although a substantial number of studies have evaluated church-based health promotion programs in adults, the feasibility and efficacy of church-based health promotion programs among children has received relatively little research attention. To date, the most comprehensive faith-based intervention involving youth has been the obesity prevention trial conducted by Resnicow and colleagues. 17 In this study, overweight African-American adolescents from 10 churches were randomized to either a high-intensity (20-26 sessions) or a moderate-intensity (6 sessions) behavioral group intervention delivered over a 6-month period. Participants in the high intensity group completed weekly group sessions which provided experiential, interactive behavioral activities, at least 30-minutes of structured MVPA, and preparation and/or consumption of low-fat portion controlled meal or snack. In addition, outside the program, participants wore two-way pager devices to receive prompts and reminders related healthy food and physical activity choices. Participants in the moderate-intensity intervention completed a series of monthly group discussions on topics related to healthy eating and physical activity, including fad diets, barriers to physical activity, fear of trying new foods, and benefits of physical activity. At the completion of the program, girls in the high-intensity group had lower BMI scores and percentage body fat than those in the moderate-intensity group; however, the relatively small difference (0.5 BMI units) was not statistically significant. Of note, girls who completed at least 75% of the high-intensity sessions had significantly lower BMI scores and percentage body fat than girls who attended less than 25% of the sessions. The results of this investigation, along with the positive outcomes obtained in the current study, support the view that churches and other places of worship are useful settings to address important public health goals such as increasing physical activity and preventing childhood obesity.
The intervention resulted in significant increases in the amount of physical activity performed during regular Sunday school. Nevertheless, the observed activity rate of 20 steps per minute bears closer examination. A key question is whether this amount of physical activity accounts for a significant proportion of the recommended 60-minutes of daily MVPA. Translating pedometer steps into estimates of physical activity behavior is, at best, a difficult undertaking. However, a number of investigators have examined the relationship between steps and activity minutes. Most recently, Beighle and Pangrazi 18 published and cross-validated a equation for predicting activity time from pedometer steps. Taking the average of 20 steps per minute and multiplying by the average lesson duration of 90 minutes (1800 steps per lesson) and substituting it into the prediction equation results in an estimated 32 minutes of MVPA. Within the limitations of predicting activity time from pedometer steps, this result suggests that, on average, the activity-based Sunday school curriculum provided approximately half the activity required for meeting established guidelines. Thus, it appears that the dose of physical activity provided by the curriculum was significant from a public health perspective.
A key finding of the current study was the significant reduction in sedentary behavior in the intervention churches. This was an interesting finding given that the activity-based learning activities and the family devotionals did not specifically include content or strategies to reduce sedentary behaviors such as TV watching or playing video games. It is possible that the Sunday school lessons and the family devotional activities made parents more aware about the importance of physical activity, which resulted in increased monitoring of screen-based sedentary activity. In addition, although the family devotionals did not appear to be effective in promoting additional daily MVPA, completing these activities may have displaced time normally reserved for sedentary behaviors such as television watching or videogame playing. Future studies should explore these possibilities by including measures of parental monitoring of sedentary behaviors and employing more comprehensive time-based assessments of physical activity and sedentary behavior. 19 Overall, the program was unsuccessful in promoting parental support for physical activity. For the purpose of this study, parental support was operationalized as the frequency with which parents a) encouraged their child to do physical activity or sports;, b) played outside with their child or did physical activity or sports; c) drove or provided transportation to a place where their child could do physical activity or sports; d) watched their child participate in sports, physical activities, or outdoor games; and e) told their child that sports or physical activity was good for their health. The failure to increase parental support for physical activity is most likely attributable to the low participation in the family devotional activities. Although the process data indicated that all children received the family devotional worksheets to take home, the follow-up survey indicated that only 39% of families completed at least 1 family devotional activity. Some possible explanations as to why the family devotional activities were poorly adopted are 1) a lack of awareness of the intervention program within the parents and the congregation in general, 2) a lack of desire to participate in outdoor activities due to the cold weather, and 3) the reluctance of parents to become involved in midweek programs offered by the church. Accordingly, future intervention studies should test the feasibility and efficacy of a standalone educational component to increase parent's awareness of the children's programs and teach skills needed to plan and implement family activities to increase physical activity at home.
Strengths of this study included the use of volunteer teachers and staff to implement the curriculum; the inclusion of both small and large congregations; the use of an objective measure of physical activity in the evaluation plan; and the use of process evaluation to assess feasibility in addition to efficacy. Limitations included the use of a small number of churches of the same denomination, a modest sample size that limited our power to detect small effects, the reliance on parental self-report for the parental support, physical activity participation and sedentary behavior outside of Sunday school; and the brevity of the 4-week curriculum. However, despite these limitations, the generally positive findings from this preliminary study suggest that youth physical activity interventions conducted in faith-based settings are feasible and worthy of further research in larger group randomized trials.
In conclusion, the results of this study indicate that a brief 4-week module integrating physical activity into the regular Sunday school curriculum is feasible and effective in promoting physical activity during Sunday school. The programs' ability to impact physical activity outside of Sunday school was limited, and the curriculum had no impact on the level of parental support for physical activity. Additional research is needed to determine what strategies or approaches are necessary to impact physical activity outside of Sunday school and to more fully engage parents and members of the congregation in the behavior change process.
